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ABSTRACT

\QS This report describes the results obtained in

BSome speclal tests on the protective characteristics
“of aqueous CC-2 impregnated clothing and carbon
rayon clothing (#148)% @Goe b 1)

It w&s~£ound—%hat.previous contamination wlth
H vapor has no significant effect on the protective
value of CC-2 impregnated clothing if the GBQA
content has not been seriously lowered.

ATests on the effect of salt water showed that:
(a) CC=2 suits wet with salt water during exposure
to H vapor provide much greater protection than
corresponding dry clothingj (b) The presence of
the dry inorganic constituents of salt water has
no effect on the protective capacity of CC~-2 im-
pPregnated clothing,

Failure to rest&re the Cl+ content of impreg-
nite=free areas on CC: clothing after spot testing
for Cl+ content with Rhe CWS Impregnite Testing
Kit, M-1, doos not seriods %y affect the protective
capacity of the clothlng,'S-461 Protectlive Ointment
was found to be more effeective than S-330 Protective
Cintment in restoring the effective Cl+ content,

Patch test studies showed that severs burns

result from wearing H or HN contaminated cardon

rayon cloth (#148) when substances such as oll,
5«330 Protective Ointment, or water, are added to
the cloth, Under the same conditlons contaminated
but untreeted cloth produces negative or minimal
reactions.ﬁ,
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INTRODUCTION
A. Authorization

l, This work waas authorized under
Project 547/41, "Maintenance, Bureau of Ships",
dated 16 December 1940, The problems whicii
were proposed for study were given in Bureau
of Ships letter 3-877=2 (D2), Serial 811 of
17 December 1940,

B, Statement of Probilem

2. The purposc of thils investigation
was to determine by means of chamber tests, the
effect of the followlng factors on the protection
afforded by aqueous process CC-2 ilmpregnated
clothing:

(a) Previous contamination with H vapor,
(b) sSalt water,

(¢) Variation in wettability,

(d) Spot tests for Cl+ content,

3. In addition, a study was made, by
means of pateh tests, to determine the effesct of
oil, §=-330 Frotective Ointment, and water on
carbon clothling (Carbon Rayon #148) contaminated
with H or HN.

-C+ Known Facts Bearing on Problem and
Theoretical Consideration:

4, As the result of beth chemical and
rhysiological (chamber) tests conducted at this
Laboratory and by other investigators, it has
been quite deflnitely established that the pro-
toctlon affordod by CC=~2 impregnated clothing is
primarily a function of the magnitude of the
leakage of vapor through the clothing, Thus
any fuctors whleh might Incresse or decrease
this leakage would bs expected to influence
the protective capacity of the clothing.

5., In 1-1/2 layer "man bresck" chamber
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. testa of Navy agueous CC~2 impregnated clothing

(cCc=2 + 25% ZnO + 75% CP + 3,75% PVA + 9% aye),
as carried out at this Laboratory, it has been
found that the averags number of successive

daily exposures at CT 1200 (60 min,) and at

90°F - 654 R.H, which may be tolerated by the
same subject 1s 4,5+, This signifies that after
4 to 5 exposures, the cumulative effects of the
leakage of H vapor through the clothing have been
such as to produce an intense erythema (E) or -
worse on some part of the body,

6. In conneotion with the effect of
previous contemination on the protection afford-
ed by CC-2 clothing, chemical tests {unpublished
data) have shown that the total leakage of H
vapor during an initial series of 4 successive
dally exposures at CT 1200 (60 min.) is very
c¢logsc to the same as the total leaksage during a
subsequent sscond series of 4 exposures, This
lndicates that the products resulting from the
reactlion of H and the CC=2 on the clothing do
not have any marked sffect on the leakage charac-
teristics under "man break" test conditions, This
unchanged leakage, 1ln addition to the fact that
only negligitle loss of Cl+ results from 4 or &
exposures at CT 1200 (60 min,) leads to the bellef
that previous contamination with H vapor should
have no glgnificant effect on the protective
characteristlics of the clothing as long as the
¢1l+ content has not been soriously lowered,

7. An evaluation of the degree of pro-
tection provided by wet CC~2 clothing was con-
gildered desirable since once of the most likely
tactical situations in which protective clothing
might prove necessary 1is in connection with
landing operatlons, under which conditions it can
be expected that the clothing will become wet
with salt water, Other chemical leskage tosts
(unpublished data) have shown that' one of the
foctors which influence the extent of H vapor
leskage through CC-2 clothing 1s the relative
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humidity of the elr stream used in'the test, In
these tests it was found that the leakage in-
creases as the relative humldity is decreased.
This indicates that the presence of moisture is
beneficial and that wet clothing as well as a
humid etmosphere might be expected to result

in an incressed protective capacity for CC-2
impregnated clothing,

8, At the same time 1t was consldered
desirable to determine the protection afforded
by clothing which had been wet with salt water
and then allowed to dry. This represents an
ovaluation of the effect of the inorganic con-
stituents of salt water on the protective capacity
of CC=2 clothing and also is of significance in
use of the clothlng under Service conditions. At
the present time no chemical leakage data are
availabls for clothing treated in this manner,

9. 8Since the pertinent data polnt to
a significant relationshlp between the wetneas
of protective clothing and the protection provided
by the clothing, it was 1ndicated that the wettability
of the clothing, 1.e.,, the readiness with which the
clothing sbsorbs molsture, might alsc be an important
factor in determining the protective value, If
wet CC-2 clothing is more effectlve than dry clothing
in resisting penetration of H vapor, it was consideyxed
probable that readily "wettable" clothing would
oxhibit more satisfactory protective characteristics
than water resistant {low wettability) suits.
Accordingly, a study of the effeet of varlation in
wettabillty was included in this investigation,

10, Present directives for Service use of
CC-2 Impregnated clothing provide for periocdic
testing of the clothing for Cl+ content to determine
if reimpregnation 1s necessary. The CWS Impragnite
Testing Kit, M~l, has been asdopted for this purpose.
(ef, Memorandum to the Director, "Bvaluation of CWS
Kits for Fileld Determination of the Protective Value
of Impregnated Clothing", dated 1 April 1943), Using
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this method of testing, an area of about 0.2 in®
(0.6 in, diameter) ia denuded of impregnite, It°
was recommended in Memorandum to the  Directop,
"The Use of Protective Ointment to Restore the
Protective Value of Test Spots Denuded by the
CWS Impregnite Testing Kit, M~1l", dated 1 April
1944, that s~461 (10%? Protective Ointment be
used 1in conjunction with the CWS Fileld Kit to
restore the denuded area after test. Chamber
tests were ilncluded in the préegent investigatlon
to give an evaluation of the loass of protective
capecity resulting from the impregnite-free areas
and also to give an ovaluation of the effectiveness
of Protective Ointment in restoring any observed
loss,

11, 8everal indications of the hazards
involved in the use of carbon clothing for protection
against vesicant vapors were obtained durlng the
course of chamber tests of carbon-rayon cloth #148,
(ef, NRL Ltr. to BuShips (-§77-2 (459-HWC/JHH), May
1, 1945), 1In a test in November 1944, a subject
wearing a carbon-rayon sult (#148) contaminated
with 100-120Y H/em,? (seven exposures to H vapor
at 1200 CT (60 min,)each) accildently spilled fuel
oll on his sult, Vesicatlon resulted on the subjacent
arca, The same results were observed when, at a
later date, elght men intentionally applied fuel oil
to thelr clothing 1 = 2 hours before a fourth exposure
(CT 1200 each). This clothing contalned 60 = 70 Y
H/em,2, Plate 1 in the Appendix shows the nature of
the burns recelved by some of these subjects, The
photographs, teken 8 days ofter the applicatlion of
the oil, clearly indicate the effeects producsd by
this treatment,

: 12. During asnother serles of chember tests
of carbon~rayon clothing(#148) involving successive
daily exposure to H vapor &t CT 1200 (60 min.) and
contlnuous wear of the clothing, severe neck burns
were incurred by tho subjects after about flve ex=
posures, at which time the rcest of the body was
relatively unaffeeted, The clothing contained 75 «
80 ¥ B/em.?, In a similor test, differing only in
that no 8~330 Protective COintment was used on the
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neck during exposure, the neck burns were minimal,
although the clothing contained 90-110 YH/cm,®, This
led to the belief that the olntment was responsible
for the reactions produced in the first series,

13, The deleterious effects of oil and 8-330
ointment on contaminated carbon rayon clothing ob-
gserved in these teats were believed to be due to a
leaching or eluting action. The present series of
patch tosts was designed to secure preliminary
quantltative data on the hazards represented by
these and other similar agents, such as water and
perspiration, as well as to secure information re=
garding the mechanism involved,

D, Previous Work Done at This Laboratory,

14, No previous tests huve been conducted
at this Laboratory with ths purpose of evaluating
the effects studled in thils series of tests, This
report is the thirteenth of a secries on "Chamber
Tests with Human Subjects", in which the rosults
obtained in the evaluation of various protective
devices against the veslcant effects of persistent
chemlecal warfare agents are reported,

EXPERIMENTAL

A. 'Procedure for Chamber Tests

15. Tho operation of the NRL chamber 1s
described in detall in NRL Report No, P~2208, dated
22 Decomber 1943, The general procedure for conducting
chamboer tosts 1s also deseribed 1n that report.

16, The chamber tegts involved in the
present investigatlion were conducted as 1 or 1-1/2
layer "man break" tosts, In these tests each men
expoged 1n the chamber was supplied with tho follow=-
ing protectlve equipment:
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(a) Navy diaphragm mask, Mark III
or IV (with CC=2 impregnated aleeves
on the hose connecsting tubes).,

(b) cC-2 impregnated Arnsen suit.

(¢) CC-2 impregnated rib knit shorts
for 1-1/2 layer tests or Standard Navy
shorts for 1 layer tests,

(d) Standard Navy undershirt (skivvy
shirt -~ unimpregnated).

{(e) CC=2 impregnated cotton socks
(2 pair),

(f) CC=2 impregnated elbow-length
wool gloves,

(g) Overshoes (Arctics).

(h). Protective Ointment (S-550 NCIII)
for face wnd neck,

17, The subjects were given successive
dally exposures to H vapor in the chamber under the
following conditions:

(a) CT = 1200 (60 nmin,)

(b) Tomperature = 90°F + C,2°F,

éc; Relative Humidity o 6 + 3%
Wind Velocity = 2 = 2,5 m.p.h.

18, The clothing was worn by the subjects
for 4 hours after a chamber exposure, The men were
oxamined and read by the Medical Officer before each
exposure, and each sgubject was withdrawn from the
test when he had incurred a reading of E (intense
erythema) or greater on any part of his body. The
successlve dally exposures were continued until all
the men had "broken" i,e,, reached a reading of E
or greater. The average number of exposures
tolsrated was used as the basls for evaluating
the protection given by the clothing,

B, Tegts of CC~2 Impregnated Clothing,

(1) The Effoct of Previous Contamination
with H Vapor.

19. The offeet of previous contamination
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with H vapor on the protective capacity of CC-2
impregnated clothing was determined by means of

two successive "man break" tests on the same set

of clothing. After one ﬁroup of subjects wearing
the clothing had "broken", the clothing was lssued
to a second group for another similar test, CC=2
aqueous impregnated suits were used (CC-2 + 25%

Zno + 754 CP + 3,75%4 PVA + 9% dye). The first

test was conducted as a 1 layer test (no protective
shorts) and the socond was conducted as a 1-1/2 ‘
layer test (CC-2 impregnated rib-knit shorts) with
a concurrent 1 layer control test using new clothing,
The results obtained are given in Teble I. The
detailed individual data‘%cf Tables IX through XI
and Table XXII in Appendix II) for these tests, as
well as for all subsequent tests are given in the
Appendix, These data include the readings of each
subject at 24 and 48 hours after the last exposure,
Table XXII represents a summary of all tests,

Table I
Effect of Previous Contamination with H Vapor

Test Type of No, of No. of Av, Exp.
Test No, Started Clothing Test Men Breaks Tolerated
la 1/18/44 New 1 Layer 7 7 4,1
1b 2/29/44 From la 1-1/2 Layer 8 6 3.1+
lc 2/29/44 New (Con- 1 Layer 9 6 2,7+
trol Test
for 1b)

20, Combined average values for number of
exposures tolerated for all 1 layer and 1-1/2 layer
tests at thils Laboratory on new CC-2 agueous impreg-
nated clothing have been reported in NRL Report No,
P-2603, "Chamber Tests with Human Subjects.XII",
These values are 3,8+ for 1 layer tests and 4.3+ for
1-1/2 layer tests, It may be seen from the data in
Table I that the value for exposures tolerated in
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the original test (No, la) is in agreement with

the combined average value (4,1 va, 3.8+4), The
gecond test on the same clothing (No, 1b) gave

a value which was lower than that obtained in

the first test and also lower than the correspond=-
ing combined aversge value for 1-1/2 layer tests
(3414 vs, 4,3+), Howevor, the concurrent control
test also gave a low value (2,7+ as compared to the
combined average value of 3,8+ for 1 layer tests).
In eoach case the difference was the same {about
30%) « This indicated that the lower protective
capacitles were probably due to some factor other
than the previous contaminetion, It wus concluded
on the basis of the above considerations that
provious contamination with H vapor hus no signifie-
cant effect on the protective characteristics of
CC~2 impregnated clothing if the Cl+ content has
not boen seriously lowered. This conclusion is in
agreecment with that derived from predictlions based
on chemical leakage tests,

(2) . The Effect of Salt Water,

21, The initinl test on the effect of salt
water on the protection afforded by CC-2 impregneted
clothing consisted of an arm chamber test which
was conducted os a single exposure at CT 1200 (60
min,) at 90°*F and 65% R,H, with 2 mph wind vclocity,
The operation of the NRL Arm Chamber is described in
NRL Report No, P=-2219, "Chamber Tests with Human
Subjects, III", dated 22 Junuary 1944,

22, In this tost two subjects wore aqueous
process CC=2 impregnatod sleeves which had been dipped
in salt waterd# and wrung by hand just prior to the
chamber exposures The third subjeet wore a similar
sleeve which wus allowed to dry beforo exposure

#The salt water used in thls and all subsequent tests
on the effect of sult water was preparsed according to
the Standard Navy Formula gilven in NRL Report No, P-1381,

NaCl - 24,337 grams/liter
MgSO, ,7Ha 0 - 3,870 grams/liter
MgCla QGHQO - 6.31 1t "
CuSO, 2Hg0 - 1,588 " "

KCl =~ 0,676 " u
KBr =~ : 0,0830 " "
KI =~ 0.,0066 " "
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in the chamber, In conducting the test, the salt
water treated sleeves were worn underneath a CC~2
impregnated protective juwmper, In dressing the
subjects, atandard impregnated woolen gloves were
pulled over the sleeve, rolled back to the wrist

and then taped, The sleeves of the Jjumper were
folded back and taped so that a 3" strip of the

cloth to be tested was left uncovered. The clothing
waa worn for 4 hours after the exposure, The results
of thls test are shown in Table II,

Table II
Arm Chamber Test on Effect of Salt Water

Date of Test: 3/2/44

Readings
Subject No, Condltlon of Sleeve 24 hours 48 hours
1 Wet with Salt Water o] 0
2 1 [{] ] 1 0 o
3 Wet with Salt Water
and Dried E= E=

23, This preliminary test indlcated that
no serious loss of protection was to be expected as
the result of the described salt water treatments
and thus a quantitative study by mezns of large
chamber tests was 1inltlated,

24, The large chamber tests on the effect
of salt water were conducted in the following mannser.
One group of subjects was provided with CC-2 impreg-
nated clothing which was dipped in salt water and
wrung by hand 30 to 45-minutes before sach exposure
in the "man break" serles. A second group was
furnished with similar clothing whieh had been dipped
in salt water, wrung by hand, and allowed to dry,
This treatment was glven prior to the first exposure,
and was not rupeated, A third group was provided
with clothing which wes not treated. Thils group was
dosigned to serve ds a control for the treated suits,
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The three grouPs were subjected concurrently to
a 1=1/2 layer "man break" test conducted in the
standard manner., The data obtalned 1in the test
are given in Table III., (See also Tables XII

- through XIV and Table XXII in Appendix II),

Table III
Effect of Salt Water

Test No, of No, of A4v.No, of Exp,

Test

No, Started Clothing Men Breaks Tolerated

2a 3/14/44 Wet with Salt 4 o) B4+
Water

2b 3/14/44 Wet with Salt 4 3 3.8+
Watser and Dried

2¢c 3/14/44 No Treatment 3 3 3.7

{(Control)

25, The results of this test, as shown in
Table III, provide some very significant information,
The suits which were wet during the chamber e xposures
exhibited a much greater protectlve capacity than
elther group of dry sults, The average number of
chamber exposures tolerated is shown as 8++, but at
the time the test was dlscontinued none of the 4 sub=
Jects wearing the wet clothing had "broken". It was
indicated that the presence of the dry inorganic cone
stituents of salt water hove no effeect on the pro-
tective characterlstlics of the clothing since the
value for exposures tolerated for the suits wet with
salt water und then driod is in good agreement with
the value for the control group (3,.,8+ va, 3.7), Both
of these values are slightly lower thun the combined
average for 1-1/2 layer tosts of this type of clothing
(434 cf, page 7), but the difference 1s not congidered
slgnificent.

26, The hlgh order of protection provided by
wot CC=2 clothing in those tests is 1in agreement with
the theoretlcul prodlctlons based upon chemlcal leakage
tests ag discussed in the Introduction of this report,
No conclusive explanation for this superior protection,

e
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however, has as yet been presented, It is considered

. possible that the mechanism conaiets of & mechanical

trapping of the H by the moisture, followsd by a more
complete reactlion with the CC-2 than in the cagse of
dry clothing,

(3) The Effect of Variation in wettabllity

27. To study the effect of variation in
wottability on the protection provided by CC-2
impregnated clothing, chamber tests wores conducted
on 4 groups of clothing,

[ 4

Group I, Clothing having a low wettabllity.
Group II., Clothing having a medium
wottability,
Group III, Clothing having a high wettability,
Group IV, Same a3 Group 1III tested at a
later date,

28, The wottability characteristics of
each sult were measurcvd by means of modified Draves
tosts on samples from coch suit, This toest consists
of a measure of the "wetting time", A high wetting
time indicatos low wottablllity and a low wetting
time high wettability., 4 detailed deoscription of
the procodure ussd iIn tho modified Draves test as
deseribed in BuShips 4d Interim Speciflcations on
Twill, Cotton (for Protuctive Clothing), R27T27
(INT) is given in Appendix IV, The data obtained
in the wettabllity moasuroments are shown in Table IV,

Table IV
Varlation in Wettabllity of Suits

Dravos Test Time Draves Test Time
Group No, Wettability (Scc,) 4LV 4 (Sec,) Rango
I Low 228 127 - 396
II Modium 41 17 - 81
III Kigh 0 Nona
v High 0 "
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29, The sults for Groups I and II were
selscted from the supply of CC~2 plant impreg-
nated (low CP (25%) system) clothing available
at this Laboratory. Those for Groups III and
IV were prepared by dipping sults similar to those
in Groups I and II in a 2% Duponol solution for
5 minutes, followed by tumbler drylng.

30, The datz obtalned in the chamber
tests of this clothing are shown in Table V (See
also Tables XV through XVIII and Table XXII in
Lppendix II).

Table V

Effect of Variation in Wettability

Test Taest No. of No, of Av. No., of Exp,
No, Started Wottabllity Men Breaksa Tolerated

3a 5/15/45 Low 6 6 8,7

3b 5/15/45 Medium 9 8 734

3¢ 5/15/45 High 7 6 7.1+

3d 6/14/45 High 8 5 1,8+

31, The data shown in Table V, contrary to
theoretical predictions, do not indicste any signie=
ficant differences 1in protective valus as the result
of variations in wettablllity - with the exception of
Test 3d, in which clothing with a high wottabllity
gave & very low order of protoctlon,

32, A number of complicatlions were encountereod
in conducting this seriles of tests which it 1s belloeved
were of such a8 nature as to meke the results inconelusive,
Tests 3a, 3b, and 3¢ were carried out during a periocd
of high relative humidity and the clothing, after
becoming damp or wet on $he first exposure, did not
dry out between exposures thereufter, Thus, the
variation in wettabllity was probably of significance

v
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only in the first exposure, In tests 3¢ and 3d
especially 3d, a large number of subjects (9/15)

. developed small vesicles on various parts of the
body after relatively few exposures. These
vesicles occurred mainly on-areas such as the
hunds, wrists, forearms, and lower lega which

are covered by gloves and socks in addition to

the CC=-2 sult, It is not known if the occurrence
of these vesicles was related to the high wettabllity
cheracteristics of the clothing or if it was
assoclated with the presence of the Duponol, whieh
probably alds in wetting the skin, thereby naking
1t2mor§ susceptible to H vapor (ef, NRL Réport No,
P" 579 [

33, In view of these complieations, no
conclusions have been drawn from this series of
tests and 1t 1s planned to re-investigate the
effect of wettabllity at a later date.

(4) The Effect of Spot Tests for Cl+ Content,

34. The evaluation of the loss of protective
capaclty of CC-2 impregnated clothing resulting from
impregnite-free areas after spot tests for Cl+ content,
and the evaluatlon of the effectiveness of $S=-461 and
85-330 Protective Ointments for restoration of these
areas were conducted in the following manner: 12
aqueous CC~2 impregnated sults were tested for Cl+
content by means of the CWS Impregnite Testing Kit,
M-1, on the loft sleevo (forearm), right shoulder,
and right log (thigh), Those sults were divided into
three groups for 1-1/2 layer chamber tests,

Group 1. Tost areas untrsated,

Group II, Test areas treated with S-461
Protective Qintment,

Group III,Tost areas treated with 3-330
Protective Ointment,

The results of the chamber tests are given iIn Table
VI, (See also Tables XIX through XXII in Appendix II).
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Test

No,

4a
4b
4o

Table VI
Effect of Spot Tests for Cl+ Content

Test  Troatment No. of No, of Av, No, of Exp,
Started of Spot Men Breaks Tolerated
4/18/44  None 4 3 . 3.5+
4/18/44 S-461 Ointment 4 g 3.5+
4/18/44 $-330 Ointment 4 4 2,0

35. In test 4a, two men "broke" at a spot
tested area only, Another man broke at a spot
tested area but also at another area at the same
time, 1In test 4b, no men "broke" at any spot
tosted areas, .In test 4c, one man "broke" at a
spot tested arcu only, and one at a tested area and
another area simultaneously.

36, The data shown in Table VI indicate
that there 1s no serious loss of protective capacity
of CC-2 impregnated clothing if the spot tested areas
aro not treated, For restoration of the areas, S~461
ointment appears more satisfactory than §-336 ointment,

C. Tests of Carbon Clothing

(1) The Effect of 011, 5-330 Protective
ntment and water on Gontaminato

Clothing

37, Pateh toats to evaluate quantitatively
the harmful effects of oil, S~330 Protective Oint-
ment and water on contaminated carbon clothing, pre-
viously observed in connection with chamber tests of
carbon-rayon clothing (#148), werc carried out accord-
ing to the following procedure,

38, Samples 1,2 ecm, in diameter were cut from
carbon~-rayon cloth #148 previously contaminated with
H or HN vapor, Thoe patchos were taped on the flexor
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surface of the forearms of subjects, so that
direct contact, covered patches were obtained,
in impermeable mask with an 8-10 mm. hole was
Placed between the pateh and the skin to prevent
ring burngs. The contaminated side of the cloth
was away from the skin in all cases, The various
additional substances with which the patches wera
to be treated were applled when the patches were
taped to the arms,

39, In a few cases, the tests were carried
out with an alr space between the patech and the skin,
This was accomplished by placing a washer of 3/16"
thickness, covered with a metal screen, between
the patch and the skin,

40, The tests wore run during the winter,
end the subjects spont most of the time at ordinary
room conditions of approximately 7S5°F and 30% R.H,.

41, The results of all the patch testa aro
summarized in Table XXIII, Lppendlx III, It is to
be noted that the 1oading of agent on the cloths used
for the patch tests was considerably higher than that
obtained in chamber tests or to be expected in fileld
exposures. The higher loadlngs were used because
of the lower sensitivity of the arm as compared to
other parts of the body and bocause of the shorter
poriod of wear,

42, 1t was found, as shown in Table XXIII,
that severs burns resulted from the wear of H or
HN contamlnated carben rayon cloth #148 when substances
such as oil, §5-330 Protective Ointment or water were
added to the cloth., Under the same conditlions, un-
treatud cloth produced negative or minimal reactions,

43, Of the substances teated, the addition
of oil produced the most severe burns, S~330 ointe-
ment acted in the same manner as oil but to a lesser
degree, It was Indlcated that the triacatin is the
responsible ingredient of the olntment,

44, S-330 ointment applications %o the side of
the cloth away from the akin resulted in more severe
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reactions than application to the side next to
the skin,

45, The "airespace! tests indicated that
the increase in vesicancy of contaminated carbon=-
rayon cloth #148 resulting from oil or ointment
treatment 1s due not only to a leaching action
but also to a liberation of veslcant vapor from
the cloth, .
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SUMMARY AND CONCLUSIONS

"1, A number of special tests have been conducte
ed. in the course of studies of the protective charac-
toeristics of CC~2 impregnated clothing and carbon
clothing. The tests on CC=2 clothing conslisted of
chamber tests to determine the effect of previous
contamination with I vapor, the effect of salt water,
the effect of variation in wettability, and the effect
of gpot tests for Cl+ content. The tests on carbon
clothing conslated of patch tests to determine the
effect of oll, 3-330 Protectivo Ointment, and water
on clothing contaminated with H or HN,

2, It was found that previous contamination
with H vapor has no significant effect on the pro-
toective characteristics of CC-2 impregnated clothing
if tho Cl+ content has nct besen seriously lowered,
This was demonstrated by conducting two successive
"man break" tests on the same set of clothing, 1,e0,,
after one group of subjects wearing the clothing had
"broken", the clothing was issued to & second group
for another similar test, Comparable protectlon was
provided in both tests.

3, Tests on the effect of salt water showed that
sults wet with salt water during exposure to H vapor
give much greater protectlon than dry clothing (8++
vs, 3,7 exposures tolerated) in concurrent tests,

In this test none of the subjects (0/4) wearing the
woet clothing, had "broken" ot the time the test was
digseontinued, It was also shown that the presence
of the dry inorgunic constituents of salt water has
no effect on the protection given by CC-2 clothing,

4, The data obtained in the tests on the
effoct of wottabllity did not indicate any significant
differences in protective value baged cn varlatlion in
wettabllity. However, complicating factors arose
during these teogts and tho results were not considered
eonclusive, Furthor tests are planned,

5. In the eveluation of the loss of protection

pesulting from Impregnite=free srecas on CC-2 impreg=
nated clothing after spot testing for Cl+ content with
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the CWS Impregnite Testing Kit, M-1l, it was found

that there 13 no serious loss of protectlive capaclty

if the Cl+ content of the spots 1s not restored,

For restoration purposes, S-461 Protectilve Ointmant
appeared more effective than S«330 Protective Ointment.

6, Patch test studles on the effect of oll,, $-330
Protective Olntment, and water on carbon rayon
clothing (#148) contaminated with H or HN showed
that severe burns result from the wear of such carbon
clothing after uddition of these substances, Under the
same conditions, contaminated but untreated cloth
produces negative or minimel reactions, Of the
substances tested, the addition of oil produced the
mogt severs burns, S=330 Olntment acted in the same
manner as oll but to a lesser degres.
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REGOMMENDATIONS

1, It is recommended that CC-2 impregnated
clothing be tonsidered satistactory for Service

- use desplte previous contamination with H vapor,

providing the Cl+ content is above the accepted
reimpregnation level.

2, It 1s recommended that cognizance be taken
of the increassed protective value of wet CC=2
impregnated ¢lothing and that further work be
conducted to exploit this advantage.

3. It is recommended tnat, if available,
Protective Ointment be used to restore the Cl+
content of clothing areas spot tested for Cl+
contont with the CWS Impregnite Testing Kit, M-l.

4, It is recommended that oll, 5-330
Protective Ointment, and water be recognlzed as
hazards in the wear of carbon clothing contaminated
with H or HN,

CONFIDENTIAL - 19 =




e

ACKENOWLEDGMENT

. The following people have particlpated in
conducting the experimental work involved in the
tests described in this report:

Medical Group:

N. M. Clausen, Lt, (J.g.) (MC) USNR - Asslstant
Medical Officer ,

B. N, Stolp, Lt, USNR - Records and Clinilcal
Laboratory Tests

J. ¢, Conner, Jr,, Lt, (j.g.) USNR - Volunteor
Personnel

R. Louch, CER - Volunteer Personnel

Ce Fo Adans, Cox, = Volunteer Personnel

B, D. MeCarthy, PhM 1/c-Clinical Laboratory Tests
and Preparation of Subjscts for Chamber

J. B. Leary, PaM 2/c - " " " "

B. Winter, PuM 2/c = " " " "

G. R, Butler, Y 2/c = Secretarial

Technical Group:

R. E, Cunningham = Chamber Operation
G. M. Gantz - Protective Clothing

Ho W. Fox - " n

M. J. Curry, CSp(X) " n
L, M, Thomson - " "
F. C. Thelle, 08Sp(X) - Preparction of H (TG)

The authors are lndebted %o Lt, Comdr. L. Eugene
Daily (MC) USN and Lt, J, W. Clark (MC) USNR, who
actively supervised and partlicipated 1n conducting
the physiologlcal tests prior to October 18944,

The subjects participating in these tests were
volunteer personnel from NTC, Balnbridge, Md,

CONFIDENTILL =20 =




R |

Appendix I
Table VII
Physiological Readifgs -~ Legend

Symbol Reaction

0 ' None

- Ee Mild Erythema

E* Moderate Erythema

E Intense Erythema

E+ ) Papular Erythema

NPV Numerous Pin-point
. Vesicles

v Veslcle

NV Numerous Veslcles

Readings of mild and questionable erythema
are not included in the data on "man break"
chamber tests since they are not consldered
significant in tests of this nature,
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Abbreviation Area
aal anterior axlllary folds
éar anterior arms
ab abdomen
ale enterior legs
. ar arms
ash anterior shoulders
athi anterlor thighs
ax axillae
bt buttocks
Cn 7th cervical
cf dubltal fossae
ol claviclos
dh dorsum of hands
dth dorsal thorax
el elbows
fa forecarms
igf intorgluteal folds
i1 1liac crest
ing inguinal

Table VIII

Body Areas - Legend

CONFIDENTIAL

Abbreviation Area
kn knees
le legs
1th lateral thorax
lum lumbar
paf posterior axillary

folds

par posterior arms
pen penis
ple pogterlor legs-
pop popliteal spaces
psh posterior shoulders

pthl posterior thighs

sc scapulae
ser scrotum
uab upper abdomen

ulth upper lateral thorax

umar upper medlal a rms

umthl wupper medilal thighs

uvth upper ventral thorax

vth

ventral thorax

wr wrists
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Appendix II
- Detalled Physiologicel Data for

Tests of CC-2 Impregnated Clothing
Table IX

The Effect of Previous Contemination with H Vapor

Tost No, la - Original Test - New Aqueous Clothing -« 1 Layer
Date Started: 1/18/44

No, of Exposurss Readings (Hours after Last Exposure)
Tolerated 24 I 48
1
3 E dth,sh,ar,ax, 'E+ irg,thi,bt,le) 72
aaf,le,thi, 'E, dth,sh,paf YHours
ing !
1
5 E dth,sh,ar,paf, 'E dth,sh,ar,bs,thi,

ser,bt ' scr,ing
E* thi,ing,aafl !
!
E dth,sh,ar,aaf, 'No Readings
thi '
]
E+ ger 'E+ ing
E aaf,sh,1lth, 'E dth,¢h,ar,paf,aafl,
pen,ing,dth, ' ser
ar !

1

E scr 'E scr,ing,ax,bt ) 96
tE* paf,aaf,cf,thi)Hours
\

2

E aaf,lth,sh,cf, 'E dth,sh,paf,aaf,cf,
dth,bt,thi,ls, ' scr,bt,
ar,paf,pen,ser,'E° lng,thl
thi,ing '

1

E dth,sh,paf,ax, 'E dth,sh,ar,ax,paf,1th,
sal,=f,scr ' tnl,ab

E* ing,ab,thi,bt 'Be bt

. 1

- B e B b e am o o L Wl MW W @ S w w w e ew aw wd wm w wh W ] D

AV, 441
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Table X
The Effect of Previous Contamination with H Vepor
., Test No, 1b - 2nd Test - Clothing from Test No. la - 1-1/2 Layer
Date Started: 2/29/44

No, of Exposures Readingas (Hours after Last Exposurs
Mo poloravea - ,—hesdzpee (Rours slter Logt Exposurel

SuR— ——

]
[]

3 ' E dth,sc ' E se,dth
' B* gsor,thi,le,pop ' E* vth,aaf,sh,cf,ar,
' ' thi,kn,le :
[} !

3 1 E sc,paf,aat,cv, * E gc,dth,aaf,sh.
' ar, ser. t E* ef,pen,vth
* E* gaf,dth,thi,kn,!
' le,bt,pop !
] !

2 * E sc,paf t E aaf,lth,sh,sc,dth,ar
' E* dth,ar,pen,thi,' E*¢ cf,pen,thi,kn,bt, .
' le ' pop
? t

S t B ¢f,aaf,ar ' E+ sc,dth,paf
* E* sc,pal,scr,kn, ' E c¢f,ar,sh,lth
' pop,le ' E* thi,scr,pen,pop
1 |}

4 ' B paf ' E-ser
' E* aaf,lth,sh,sc, ' E* dth,sh,ar,paf
' dth,ser,pen, !
! pop 1
1 !

St t E* scr,cef,1th,bt, * E* scr,pen,thi,bt,le,
! pop,dth,sc,ar, ! cf,lth,aaf,sh,sc,
' thi,kn,le ' dth,ar
t t

1) ! E* scr,sc,dth,ar, ' E+ dth
' bt,pop,athi ! E* cf,aaf,vth,ar,1th,
' ! sc,scr,thi, bt, le,
t ' pop
! ’

4% ' E* scr,ct,aafl,sh, ' No Readings E° or
! ar,sc,dth "’ Greater
t !

Ave 3,414

# Indicates, in this and subsequent tableg, subject
withdrawn from test for reagons other than a "break",
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Table XI

The Effect of Previous Contamination with H Vapor

Test 1lc - Concurrent Control Test for Test No, 1b - 1 Layer
Date Started: 2/29/44

No. of Exposures

Tolarated

Readings gHOurs aftor Last Expoauraz

3%
k1)

33

Av, 2,7+
CONFIDENTIAL

E®* secr,pen,sc

E* scr,pen,aaf,
se,ar

E scr,sc,dth,ar
Ee cf

E sc
Ee thi,le,dth

E paf
E* c¢f,aaf,sec,
dth,pop

E ing,aaf,paf,
s¢

Ee of,sh,uar,1lth,
dth,pon,thi,
bt,le

E sc i
E¢ aaf,vth,ar,
dth,thi,le

E¢ gcr,pen,se,
dth,ar,aaf,
thi,kn, pop

E sc,paf,sh
Ee cf,ar,pop,
vth,dth

W W W W W B W s e S W s al W up B M W B W D G M MR W W B B o W W @ w =} e

[} .
'E* pen,cf,anf,sh,ar,sc
?

'E* aaf,sh,sc,dth,pen,
' ing,thil

'

'E sc,paf,scr

'E* aaf,cf,ar,sh,dth,

' thi,le

]

'E° dth,pen

t

t

'E aaf,sh,lth,ar,sc,dth
'Ee cf,ing,thi, le

)

?

'E aaf,ax,ing,thi,sc,sh
'E°® pen

1

1)

1

1

'E pen,sc,paf,dth

tE* gh,vth,aaf,cf,ar,scr
' ing,thi,bt,pop

1]

'E sc _

tE* ¢f,1lth,ar,sh,dth,ser,
' pen,thi,kle

]

'E sc,paf

tE* ¢f,ar,sh,vth,dth,bt,
' thi,le

t
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Test

Table XII
The Effect of Salt Water
No, 2a ~ Sults Wet with Salt Water during Exposure'-'l-llﬁ Layer
Date Started: 3/14/44

No, of Exposures Readings (Hours after Last Exposure)
Tolerated - ! Eg v 48
LA L
84 ' E* lar ! No Readings E* or
t ' Greater
]
6 ' Ee gor ' E* secr,sc
1 L4
61 't Ee thi ! No Readings
. [} ]
12+ ! E* ap ' Ee* lar
1 ]
1 1
Av, B4+
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Table XIII
Ihe Effeot of Salt Water
Teat No, 2b - Suits Wet with Salt Water and Dried ~ 1-1/2 Layer
Date Started: 3/14/44

No. of Exposures Readings (Hours after Last Exposure) -
—— v _ 1B

Tolerated

'

) o ¥

S ! E aal,paf,sc ' E cl,aaf,paf,sc
! E° ar,ab,scr,pen ' E* c¢f,sh,dth,thl,le,
' ' ! scr :
' ' .

4 ' B sh,se¢ ' E gh,aaf,sc
' E* aaf,dth,ar, ' E* ar,cf,dth
! thi,kn ! ‘
1 !

. S% ! B° scr,sc,dth, ' E aaf

! pop,vth,aaf, ' E* vth,sh,cf,ar,scr,
! cf ! thi
t !

3 'Eel ! E° aaf,cf,sh,ar,sc,
! E° scr,pen,sh, ! dth,ser,pen
' gsc,dth,ar,pop !
! 1

Av, 3.8+
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Table XIV

The Effect of Salt Water

Test No. 2¢ - Concurrent Control=No Salt Water Treatment=l=l/2 Layer

Date Started: 3/14/44

No, of Exposures Readings (Hours after Last Exposure)
Toleratsd 24 J 48
4 E vth,aal,sh,se,dth ' E vth,aaf,sh,cf,ar,

Ee thi,bt,cf,ar

'
]
]
|
!
3 ! E aaf
' E° ¢f,1th,sc,dth,
' vth
)
4 * E ash,vth,1th,se
' E* ser,dth,ar,thi,
' kn,le ,
1
1
Av, 347
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sc,dth

E cf,paf
Ee sh,sc,ar,dth,
thi,kn

E aaf,sh,ar,lth,sec
Ee dth,le,tht
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Table XV

The Effect of Variation in Wettability

Test No., 3a - Low Wettability - 1-1/2 Layer

Date Started: 5/15/45

No, of Exposures

Readings (Hours after Last Exposure)

Tolerated ! <4 ! 48
l l
7 ! E pthi,pop 'E pthi,pop
' E° e¢f,kn,paf,psh, 'E° athl,kn,ale,psh,
! . par,el,sc,dth, ! el,sc,dth
! igf,ple !
! 1
10 ! E cf,psh 'E ¢f,dh,wr,athi,kn,
! Ee nar,athi,kn, ' ale,psh,pthi,pop
! ale,puf,se,dth 'Ec paf,el,Cn,sc,dth,
1 1 <;)le .
' 1
7 * E cf,kn,paf,psh, 'E cf, kn,paf,psh,el,sc,
' sc,dth,pop ' dth _
' E° ash,umar,asr, 'Ee ash,umar,aar,ax,lth,
! aaf lth,athi, vth,athi,ale,pthi,
' ale,ol,pthi, ! pop,ple
1 plo ]
! t
10 ' E paf,psh,sc,pthi,'E paf,sc,dth,pthi,pop
! pop '‘E°® ax,athl,kn,ale,psh,
' E® kn,dth,ple ! ple '
' R 1
8 ' E pthi,pop 'E pthi,pop
' E° athl,kn,als, 'E® athi,kn,alo,ple
' el,ple !
! ) \J
30 ! NV psh 'NV psh
! E° cf,kn,pthl, 'E pthi,pop
! pop 'E* of,athi,kn,sle,ple
1 ! .
Av, 8,7
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The Effect of Varlation in Wettabllity

Test No, 3b - Medium Wettability - 1-1/2 Layer
Dato Started: 5/15/45

No, of Exposures Readiﬁgs gHours after Last Exgosure]
Tolerated ‘

[}
[}
10 * NFV psh. *NV psh
' E* ash,umar,cf,ax, 'E uvth,pthi,pop,ple
' ulth,athi kn,ale, 'E* ash,umar,cf,aafl,
' paf,pop,el,sc,dth, ax,lth,athi,kn,
' pthi,ple ' ale,paf,el,sc
t : ]
7 ' E c¢l,athl, kn,sale, 'E cl,athi,kn,ale,pthi,
! pthi,pop ' pop,ple
' E* ple . 1E* ol
L] !
3 ' E ash,aar,cf ,athi, 'E ash,aar,uvtﬁ,athi,
! kn,pthi,pép ' kn,ale,pthi,pop
t E°¢ umar,ulth,uvth, 'E® umar,cef,paf,psh,
' alo,psh,par,el, ' par,el,c7,sc,dth,
' Cy,sc,dth,ple ' ple
L] 1
6 ' E psh,sc,dth 'E umar,ax,ulth,athi,
! E¢ umar,aaf,ax,lth, ' kn,ale,paf,psh,sc,
\ ! athi,kn,ale,paf, ' dth,pop
' el,pthl,pop,ple 'E* aar,cl
J 1
7 ' E ax,pthi,pop,athi, 'E umar,ax,ulth,athi,
! kn ' kn,ale,pthi,pop,ple
' E* aar,cf,lth,ale, 'Ee ash,sar,cf,aaf , lth,
! pef,psh,el,sc,dth,? paf ,psh,el,sc,dsh
) pl@ 1
t ]
6 ! NV psh 'NV psh
' E° athi,kn,ale,pop 'E kn,pop
:Q 'E* athl,pthi,ple
1
7 ' E athi,kn,pthi,pop 'E athi,kn,ale,pthi,pop
! E® umar,aar,cf,ulth, 'E® umar,aar,cf,sx,ulth,
1 ale,paf,psh,el,sc, paf,psh,elsc,dth,ple
! dth,ple '
t !
10% ' E* athi,kn,ale,paf, 'E¢ athl,kn,ale,pop
' psh,sc,dth '
' 1]
10 ' E athi,kn,ale,psh, 'E athl,kn,ale,psh,pop
' pop 'E° cf,el,pthi,ple
! E° cf,el,ss, dth, '
! pthi. '
AV, 7 34 ' e '
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Table XVII
The Effect of Variation in Wettabllity
Test No. 3¢ - High Wettability = 1-1/2 Layer
Date Started: 5/15/45

No., of Exposures Readiggs (Hours after Last Exposure )
Tolerated ’

1
' L
-7 ' NPV cf ' NPV cf

' E* aar,kn,psh,sc, ' E* kn
1] ple L]
1 1]

9 ' E ax,psh ' E umar,cf,fa,ax,kn,
' E* of,kn,paf,pop ! paf,psh,sc,pop
! ' E* athi,ale,pthi,ple
1 1

5 ' NV ef ' NV of
! 1

8 ' Eef 'B el
' E* kn ' E* ash,aar,vth,kn,psh
t t

7 ' NV el ! NV el,par,cf
' E* paf,psh,par, ' E* paf,psh,sc
1 sc ]
t !

10% t E° cf ' BEe cf
1 t

4 ' NV psh ' NV psh
! E* ¢l,ash,kn ' E cf
' ! E* athi,kn,ale,el
1 '

Av. 7,1+
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Table XVIII

The Effect of Variation in Wettability
Test No, 3d - High Wettability - 1-1/2 Layer
Date Started: 6/14/45

No, of Exposures Readings (Hours after Last Exposure)
__—2% ~Y

_Tolerated 48

1]
I L}

1 ' NV fa,dh,wr ' NV fa,dh,wr
t E* el '
] 1

2% ' E* Kkn ' E® kn
1 1

1l ' V dh,wr t V dh,wr
! E® el,kn ' E fa,par,el
! 1

24 ' B° kn,scap ' E psh
' '" B° kn,el,sc
|} ?

2% ! E° kn 't E.pop
! '. E® kn,el
] '

2 'V fa ' V fa

¢ ' E* kn ' NPV cf

' t

2 ' NV kn ' NV kn
! ' E° el
1 1

2 ' NV ale ! NV ale,fsa
' E° kn ' E cf,ing
1 1

AV . l .8'.'
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Table XIX
Effect of Spot Tests for 1+ Content
Teat No, 4a - No Treatment of Spot Teatoé Areas - 1-1/8 Layers
Date Started: 4/18/44

No. of Exposures Readiags (Hours after Last Exposure)
Tolerated

st

]
LD ) T

e * E* agh,ar,aef,lth, ' E ash,ax,sc
! sc,dth,ax ' E* lth,vth,ar,dth,bt,
' ' thi,le,cf,fa
[J )

4 * E scs ' E sh,ar,aaf,sc,dth
' E* sh,saf,ar,dth, ' E° pop
! pop. !
1 ¥

3 ' E shiir,sc ' E sh,vth,aaf,ac,dth
' E° dth,lth,aaf,ax ' E¢ lth,ax
! t

3 ' E se%% ' E* sc,dth
' E* c¢f,ar,sh,aaf, !
' dth,pop '
L ] '
\J t

. #% Break at Spot
Av, 3,5+ Tested Area
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‘Table XX |
Effect of Spot Tests for Cl+ Content

Test Mo. 4b - Treatment of Spot Tested Area with S-461 Ointment -
1-1[2 Layer

Date Started: 4/18/44

No. of Exposures _ Readings (Hours after Last Exposure)
Tolerated ! <4 L 48
L) 1
4+ ! E* aaf,sc,dth 'E° aaf,ar,ash,sc,dth
] 1
43 ! E¢ sc,dth,ax 'E sc¢,sh
! 'E® ash,ar,lth,dth
' '
S ' E sc '‘E sc,dth,ash
' E¢ cf,fo,ar,ash 'E* c¢f,fa,ar
1 f
3 ' B cf,sc 'E ash,aaf,cf,ar,sc,dth
! E° gaf,ar,sh,dth !
i ' t
' ' '
1 ]
t '
q
AV, 3.5+
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Table XXI
Effect of Spot Tests for Cl+ Content

Test No, 4c = Treatment of Spot Tested Arsas with 3=330 Ointment -
_ 1-1/2 Layer

Date Started: 4/18/44

No, of Exposures Readings (Hours after Last Exposure)
48 '

Tolerated ' cd J

L J

2 ' E agsh,aaf,ar,sc ' E cf,fa,sc,paf,ar
!t Be ef,dth ! E¢ asgh,dth,pop
' 1 o

2 ! E sh,gcdik ' E ash,sc
1 E¢ aaf,dth ¢ E* ¢f,dth,thi,kn
] ]

2 ' E sc . ' E sc
t E° sh,ar,lth,dth,' E°¢ cf,ash,ar,dth
! acr,pen ’
' L

2 ' B scuk ' E ash,sc
t E¢ pen,sh,ar,el, ' E¢ cf,aaf,dth,pop,pen
t dth !
] 1
J ]
1 ]

#% Break at Spot
Av, 2,0 Tested Area
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Appendix IV
Modified Draves Test for Wettability

Ten samples of clotn, §" x 1", are cut and
conditioned at 70*F and oh% relative humidity,
500 ml, of tap water, maintained at 25+ 1°C, 1is
poured into s 500 ml, «#yiindrical graduate ,
Other test equipment conslsts of a 20 g, lead or
brass dise, a 0,256 g, length of copper wire, and
a No. 30 ¢cotton thread, The copper wire is bent
in the form of an "8" ard attached to the 20 g,
welght with the cottui thread so that the overall
length of the welight, thread, end wire is 3 inches,
A small slit is made a%t one end of the cloth
samples for hooking on tc the copper wire. Holding
the end of the cloinh zumple, the weight is lowered
into the water so that the copper wire is just
touching the surface, “he sample is then dropped
and a stop wateh startzd simultaneously, The
watch 1s stoppsd when the cloth loses 1ts
buoyancy, as indicated by & slackening of the
cotton thrsad, and the elapsed time is recorded,
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Appearance of men 8 days after applicati-
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~a 0f oil to carhbon clothing.
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Distribution
Buships 17
Bu Med 2
OR&1 2
CNO 2
¢C, Maval Unlt, EA 1
CWS, Teeh. Div. 4
CWS Med. Div, 1l
CWS Med, Div., EA 1
NDRC 4
NRC, ¥Wash, D, C. 2
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